IN the routine examination of the foot the degree of inversion (tibial flexion) of the hind-foot is frequently observed as a guide to the general flexibility of the foot. The movement is a complex one, consisting of movement at the subtaloid joint and movement at the midtarsal joint, usually combined with some plantar flexion at the ankle. In the normal ankle only plantar flexion is allowed, but in the hypermobile ankle a varying degree of tibial flexion at the ankle-joint occurs. This varies from a barely perceptible twist to a 25 degrees tilt. A tilt of greater degree we have only seen in association with rupture of the fibular-collateral ligament in acute injuries. This condition of hypermobility may be symptomless in the young or in people with developed muscular control, but in a great many people it presents itself as a complaint of "weak ankle". "going over on the ankle", or recurrent sprains. The unilateral hypermobile ankle forms a high percentage (24%) of all sprained ankles examined. Its occurrence on the injured side is the criterion of the severity of the sprain. Hypermobile hind-feet are present bilaterally in patients with severely sprained ankles in a higher percentage (42%) than in a group of normal people (13%).
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IN the routine examination of the foot the degree of inversion (tibial flexion) of the hind-foot is frequently observed as a guide to the general flexibility of the foot. The movement is a complex one, consisting of movement at the subtaloid joint and movement at the midtarsal joint, usually combined with some plantar flexion at the ankle. In the normal ankle only plantar flexion is allowed, but in the hypermobile ankle a varying degree of tibial flexion at the ankle-joint occurs. This varies from a barely perceptible twist to a 25 degrees tilt. A tilt of greater degree we have only seen in association with rupture of the fibular-collateral ligament in acute injuries. This condition of hypermobility may be symptomless in the young or in people with developed muscular control, but in a great many people it presents itself as a complaint of "weak ankle". "going over on the ankle", or recurrent sprains. The unilateral hypermobile ankle forms a high percentage (24%) of all sprained ankles examined. Its occurrence on the injured side is the criterion of the severity of the sprain. Hypermobile hind-feet are present bilaterally in patients with severely sprained ankles in a higher percentage (42%) than in a group of normal people (13%).
The hypermobile ankle is a distinct entity capable of radiological proof. Between it and the stiff immobile ankle a gradation of mobility exists. It is possible to show a convincing increase in the number of sprained ankles among those with unusually mobile ankles, and a marked absence of sprains among those with immobile ankles. It is noteworthy that the hypermobile ankle is only hyperinvertible. No cases of relaxation of the deltoid ligament with increased eversion are encountered, except as a result of acute injury. This is due in part to the supporting action of the fibula and in part to the strength of the deltoid ligament, which when it ruptures does so at its periosteal attachment to the medial malleolus, and after adequate immobilization (five weeks) reunites with no relaxation. In contrast to this the fibular-collateral ligament may have either of its two lateral bands torn, the posterior talo-fibular ligament usually remaining intact. In the hypermobile ankle relaxation of the calcaneo-fibular ligament is the most important single causative factor. The clinical features.-On grasping the fore-foot and endeavouring to invert the whole foot a variable degree of resistance will be met. The opposition met with in spastic flatfoot is well recognized. The lack of opposition which allows the sole to turn at right angles to the transverse axis of the ankle, is characteristic of the hypermobile joint. The normal hind-foot allows medial (tibial) flexion of the calcaneus at the subtaloid joint, so that the lateral aspect of the calcaneus forms an angle of about 20 degrees with the outer margin of the fibula. In the stiff ankle it may deviate only 5 to 10 degrees, while in the hypermobile ankle the outline of the outer margin of leg and foot, seen in profile, resembles the curve of a hockey stick, and the outer surface of the calcaneus may be at 45 degrees to the line of the leg. This degree of mobility is not derived entirely from the subtaloid joint but from added mobility at the ankle-joint.
Normally the prominence of the anterolateral margin of the upper articular surface of the talus can be palpated in front of the fibular malleolus. The ease with which this can be done varies with the amount of subcutaneous fat but as the foot is inverted (and slightly plantar flexed) this margin becomes more prominent. In the hypermobile foot it becomes excessively prominent and the outline of the outer side of the ankle shows three prominences-the external malleolus, the cuboid, and the anterolateral edge of the talus-in contrast to the usual two. It is characteristic of the hypermobile ankle that the prominence of the talus is not only palpable but visible to an abnormal degree.
Inversion is made up of two components, the tibial flexion of the hind-foot at the subtaloid joint, and the adduction and plantar flexion of the fore-foot at the midtarsal joint. These two movements in any foot are not necessarily equally free. It is not uncommon to find marked laxity at the midtarsal joint and a limited mobility at the subtaloid joint. When this is so, inversion frequently produces great prominence of the head of the talus making a third swelling palpable in front of the fibula. If to this is added marked tibial flexion of the hind-foot, four prominences may be seenfibular malleolus, anterolateral edge of talus, lateral aspect of head of talus, and the cuboid.
Radiography.-If the normal ankle is examined under inversion strain, even when the patient is relaxed by a general anaesthetic, the congruity of the upper articular surface of the talus and of the lower articular surface of the tibia remains. In the hypermobile ankle, however, it will be found that the two surfaces subtend an angle which varies from 3 dpgrees to 25 degrees, and that this range of movement is proportional to the degree of hyperinversion possible. The condition may be present on both sides and, when so both. subtead equal angles as a rule, but it is not uncommon to find one subtends a greater angle than the other. 'This is commonly due-to -further' relaxatiom of the fibular-collateral ligament by injury. When the condition is unilateral it is always the result of injury, but it can only be said to be unilateral if a check examination of. the opposite ankle is made under comparable conditions. Attempts to produce hypereversion of the ankle under the same conditions have failed except in grossly injured ankles or in ankles which were the seat of old injury as shown by the presence of an ununited fragment of the medial malleolus.
Significance of the hypermobile ankle.-Such an ankle, unless controlled by a welldeveloped leg musculature is extremely liable to minor sprains and twists. Indeed it is the chief predisposing factor towards sprain and the causative factor in recurrent sprain. It may be stated that any sprain of an ankle of moderate severity, which recovers within a week, is probably a recurrent lesion. A moderate sprain of a normal ankle does not recover quickly and it takes three to four weeks before the joint feels strong again. Quick recovery should therefore raise suspicion of a recurrent lesion and will in a great number of cases be found associated with a hypermobile ankle. The hypermobile ankle is as frequently acquired as hereditary. Its acquisition (in which case it is usually unilateral) is due in the vast majority of cases to neglect of a sprain. This may be either failure to diagnose a rupture of the fibular-collateral ligament when present or neglect of repeated minor injuries at sport. The injection of local anaesthesia, or the abolition of pain by the freezing method is fraught with danger if the surgeon has not taken steps to assure himself that there is no complete rupture of a ligament. This may be assessed with considerable certainty by experience in the normal foot, but is rendered more difficult in the patient with hypermobile feet. In such cases, in order to establish an accurate diagnosis radiographs of both ankles should be taken under intravenous anaesthesia. It is true that rupture of a collateral ligament may be shown by inversion strain under local anaesthesia (Hughes, 1942) , but the pictures are more accurately comparable under general anaesthesia, and less susceptible to error. A radiograph at right angles to the bimalleolar axis of the ankle is preferable to the true A.P. view.
GE£TIOLOGY
Bilateral hypermobility.-This is found in 4% of males, and 5% of normal females between the ages of 18 to 40 years (Tables A and B ). It appears to be a congenital MOBILITY OF NORMAL ANKLES. condition, which is not due to any alteration in the bony configuration of the ankle, but to ligamentous laxity. It shows little relation to the general build of the patient. It predisposes to sprains of the calcaneo-fibular ligament, the anterior talo-fibular ligament and the midtarsal sprains. The degree of mobility of the ankle-joint can be retained or increased by active exercises, as in ballet dancers, where the excellent muscular control offsets the tendencv to sprains. In athletes following a series of minor sprains both ankles may become relaxed, but it is highly probable that such ankles were hypermobile to start with.
Unilateral hypermobility.-In the examination of cases to obtain figures for 100 normal Proceedings of theRoyal Society of Medicine 16 ankles it was found that five cases of each sex showed unilateral hypermobility and these all gave a history of injury, and so were excluded from the tables. This gives some idea of the frequency of its occurrence in the ordinary population. In acute sprains it was present in eight out of the fourteen sprains of the calcaneo-fibular. ligament examined radiologically, the remainder showing hypermobility of both ankles (Table C) .
The common injuries predisposing to the conditions are: Rupture of the calcaneo-fibular ligament; or rupture of the calcaneo-fibular and anterior ta[o-fibular ligaments. Sprain of the anterior talo-fibular ligament is in our experience most commonly associated with sprains of the calcaneo-fibular ligament (inversion) and rupture of the anterior fibres of the deltoid (plantar flexion). If it occurs as an isolated lesion it is doubtful if it allows any twist of the talus to take place and then only if the foot is in plantar flexion. Rupture of the tibio-fibular syndesmosis or fracture may result in opening up the mortice to a slight degree, but if the calcaneo-fibular and anterior talo-fibular ligaments remain intact inversion remains unaffected.
Rupture of the fibular-collateral ligament.-It is extremely doubtful if this ligament often ruptured in its entirety. It is probable that a tilt of the talus of 45 degrees (usually described as a dislocation of the ankle) can occur following rupture of the anterior talofibular ligament and the calcaneo-fibular ligament alone. The peculiar course of the posterior-talo-fibular ligament, which forms a separate entity makes it likely that such rotation rather than stretching it, would relax it. It is thus incorrect to speak of ruptures of the fibular-collateral ligament unless this term is used to describe the anterior and middle band of the external lateral ligament only, and it is used in this sense in Table C. ,Rupture of the calcaneo-fibular ligament.-This ligament is the most important single ligament opposing inversion of the hind-foot and its rupture or relaxation the most common cause of hypermobility of the ankle. It is inevitably relaxed in ruptures of the fibular-collateral ligament but it is more commonly ruptured alone. Frequently the relaxation is due to a sprain fracture of the tip of the fibula, rarely to a pulling out of its attachment to the calcaneus. The ligament controls movements at both the anklejoint and at the subtaloid joint and the increased inversion following its rupture occurs at both joints, though the ankle-joint is relaxed to a greater degree. In recurrent sprains of the ankle the damage to the ligament is often shown by the presence of a small fragment of bone below the fibula. Increased mobility of the ankle-joint predisposes particularly to this injury (Table C) . 20,20,15, 10,10,15,20,12,10 6 5,20,8,10,10 -24 5, X, 10, X, 5, 10, X, 5, 5 X, X, X, X, X Ant. talo-fibular, alone Totals 34 20 41 20 5
The figures above the line are for the injured ankle; those below for the corresponding opposite ankle.
Twist of the talus expressed in degrees. X=no twist. All radiological observations under pentothal.
Relaxation of the capsule of the ankle-joint.-Following excessive activity in athletes, particularly sprinters and footballers, abnormally mobile ankles are often found. There is usually a history of repeated minor trauma and radiological evidence of sprains in the form of ununited sprain fractures or scattered ossification in a ligament. The condition, which is often called "athletes' ankle" is characterized by a small exostosis on the darsum of the neck of the talus, visible in the lateral radiograph and due to repeated -trauma from hyperextension or hyperflexion of the ankle. Later on evidence of mild traumatic arthritis appears radiologically and complaints of aching after use, tiredness, Section of Orthopcedics 285 and susceptibility of the joint to damp, appear. The general ligamentous relaxation is particularly obvious in the fibular-collateral ligament allowing increased inversion.
Statistics.-An endeavour to estimate the mobility of the hind-foot on both sides in cases of sprained ankles was made, first as part of the radiological examination of badly sprained ankles, and then when it became apparent that this bore some relation to the type of sprain and to the liability to sprains, in all cases of sprain. Unfortunately in the earlier cases this was expressed as mobile, hypermobile, and rigid, and not as a percentage estimate of mobility, which was found to be much more convenient. As a standard the ankles of 100 normal males (18 to 40 years of age) and 100 normal females of the same age-group were examined. The mobility of the hind-foot in women is considerably greater on the average than in the male, a fact which corresponds to the generally greater ligamentous laxity found in women. When the eleven clinically hypermobile ankles (Table B ) were examined only five of these showed a relaxation of the fibularcollateral ligament, thus suggesting that the increased mobility was mainly in the midtarsal and subtaloid joint and not at the ankle. On the other hand all the males but one who showed hypermobility of the hind-foot showed some rotation of the talus and it is possible that the exceptional case might have done so under anarsthesia. This confirms the opinion that in the male excessive inversion of the foot is accompanied by a relaxation of the fibular-collateral ligament. It was necessary to find if a relation between this fact and the incidence of sprains existed. Accordingly all sprained ankles were carefully examined and the site of ligament damage noted, and against this the mobility of the foot on the opposite side was marked. In serious cases radiological control was used and both ankles radiographed in inversion under pentothal anmesthesia. The results are shown in Table C . It will be seen that sprain of the anterior tibio-fibular ligament is the most common sprain of the ankle (31 %). This occurs from external rotation violence and reflects the frequency of this type of injury as a cause of fracture around the ankle. This movement is not related to the mobility of the hind-foot which cannot influence this type of sprain. It is primarily lesions of the fibular-collateral ligament or its components which the increased inversion of the heel facilitates by increasing the power of the lever provided by the depth of the calcaneus. Accordingly we note a marked preponderance of these injuries among the hypermobile ankles-where they form 66% of the injuries compared to 33% of the normal male ankles. When the relative proportion of hypermobile to normal ankles (13% to 59%) is considered this emphasizes the proportion still more. It must be borne in mind, however, that a certain percentage of the fibular-callateral ligament sprains occurred in previously injured ankles, the tendency to recurrence thus increasing the apparent proportions among this section. Abnormal flexibility of the hind-foot also predisposed to sprains at the midtarsal joint.
A striking fact is the absence of sprains among the patients with rigid feet. It has not yet been possible to determine whether this is offset by a higher percentage of fractures in these ankles, but this seems highly probable. Unfortunately no comparative series of sprains in women was available. They are more predisposed to sprains by virtue of the increased flexibility of the hind-foot and the higher heels of their footwear, but this is offset by the sporting and occupational hazards of the male to which most sprains are due.
TREATMENT
Preventive.-Adequate investigation and immobilization of sprains-which includes radiographic examination of all severe sprains under inversion strain, and comparison with the opposite side.
Prophylactic.-The development of adequate muscle control may not always be possible, but in athletes the peronei may be developed by exercising them against resistance. This can be accomplished by the use of a shoe with a weight attached to the outer side of the sole and running over a pulley, lying to the medial side. Eversion is then practised against weight resistance.
In women the tendency to inversion is encouraged by wearing high heels. Lowering the heel and broadening the base is first tried. If this fails the heel may be floated out, though most women object to the appearance of this alteration. In men broad and loN heels are already being worn. Boots for rough work may assist the patient. Wedging the sole and heel 3/16 in. on the outside may prevent the foot turning over so easily.
In athletes the support of a properly applieJ bandage (figure of 8 over the external malleolus) or even of strapping is of great assistance during a match. In cases where it is imperative that the patient should continue to run a risk of spraining a hvpermobile ankle, to earn his livelihood, special boots with thin steel stiffeners in each side should
